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ABSTRACT 

■ icperimenl J te< hniqui    ha • b< i i   developed  to study 

mai     tr m   port  In the wak<   oi        ubmi rg< d - abmarine.    A radio- 

ictivi   tracer i    dispensed from the keel of a   moving   Bubmarine, 

vaki   i    probed   with .1 towed   verti« aJ array of s< intilla- 

tunt« rs that provide!   a 1 ross-sectional view ol the marked 

te r   . 

■   reliminary exp< rin 1 n1 i done with the   I   >S   '.;    ACORE 

L(   ! 1 ■   Little t enden< v 1 1 r the   marked wat« ra   to ris<    »r fall.   In 

addition, it appears that Local turbulence   induced  by   thi     hip's 

r    -.     La .1 relatively  minor factor in the spreading oi   the sub- 

irii e, exi ept for th<   initial  few n mutes.    The major por- 

ii th     vork was done- in ea lentially isothermal waters   where 

1   :!-.   mi n   1   e with depth was approximately .05 percent in 

the first 200 m.    Further worl   in situ without a submarine La   of 

sary in order to       b   tantiate the above conclusions. 

irizontal ficii rit of eddy diffusion has   M I n corn- 

put ■   the data and i       een to in« re ise with time throughout 

. t, approachin     u       yn ptoti«   value.    On the basis of 

imptions, the   .   1    yields asymptoti«   values for both the 

i turbull n« 1   and the intensity ol turbulent 1 .     ["he Litter quan- 

tity, in turn, ha      >een   ised to 1        pute a radius of curvature due    to 

Corioli    forces at the Latitudi     1   )l l 1 Leg.     rhis value agrees with the 

fmptotii    ical<   of turbulenci   to within   >0 percent.    It ii   therefore 

ulat 1 d that  Corioli    for< e ■ may be a mechanism wh L< h tends to 

limit the    1 ale ol turbuli n< e. 

C o N rruE N T T A I. 
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I . : i        Ion       I ■ 

,i  .   ,        tion. mber of i 

mental i        ■ ■      . :     wever, musl r ctical system 

rious considi n. these is, for < pie,   the 

per tur »ulenl  di£l i   ioi .    In short,    what is 

aired is a workinj   definitio u imi rgi d  submarine, in- 

clui '     spa« e and tin ition.     This paper d        ■    •■      the te< iinique 

de\ ■ . tudyi transport in the v i        md pri    enl    the r<   lults 

■ ri I'd out to d   !   . 

I 

tudi r<        t thought to be ier ol  reasons: 

(1)   Scalin I ilways tl< is pi       'ins;   in this case they a 

virtu.illy unknown.    (2)   Unless on<    .   ■        elf-propi n idel    (in themsel   ■ 

tly and ), one mui I ugh tin   wat< r,    thus 

Lntrodu( ing a net momentum into the mediun I .  • qua! to .md oppo- 

site that of tin rd-moving >> rew-waah—a rather important factor 

in the •■■ ( »)   Tank i ts had been perfon re. 

. it was felt that a technique for iting in situ would be more 

generally useful for oce u :>hic work.    Therefore, a radioactive tracer 

technique seemed to be ideally suit, d for  such an application,  save for the 

ma de tec tin    apparatus is so limited 

in sensitivity Ü    : tit)  i I   radiotracer La  required,    for- 

tunately a new and easily handled si intillation liquid was available, 

allowin onstruction of a far mor.   sensitive detector.     Thus the amount 

of radiotracer r< quired was red        I to Less than  ]  C —an amount pre- 

I eriou    I        tical problems. 

1 in- t it in. ■ solved is   itraightforward in concept;   A small quan- 

tity    '        uil dioti   ■ er is di   pi n     d from the keel ol   i submerged 

CONFIDENTIAL 
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rine moving in a i traight Line,     ["he Lini   La then ( risa< rossed by a 

■ Bhip towing   in array oi eight ..< Lntillation i ounters   ipa< ed 10 it 

apart,    [n addition, thi   then i ü    n      I ir<   oi th(       •       w iter La viewed, 

tig eight them Lstors, one affix« i   to each counter. 

SIGNAL I   "•••  i E AND   1 ( ' .'.   ;D RIG 

■   h Bcintillator can waa provided with a pair of tabs for atta< h- 

ment to the   itrain i  ible, aa shown in Pig.   1.    The axis of each can was 

Lie!  to tl i    itrain cable when attached to it.     Both th<   drag and the dy- 

Li   ii   it ibility ol e u h i an were redu< ed by means oi a demountable 

fairingi which rendered th<   towing much smoother. 

rhe    Lgnal cabl< , consisting of some ^8 wires, was sheathed with a 

zipper jacket i     made of Fiberglas-reinforced vinyl* and tied to the strain 

i Y   I  ' it or  so with   IWl  elei tri< al  tape.     Care was taken that the 

d-in to ea< h > an was not strained in any way when under tow.    The strain 

cable was weighted at the bottom with a faired "fish" weighing 1000 Lb. 

In ord.r to Learn more about the effectiveness of the fairing, the 

dr i|   oi a scintillat   r i an waa measured aa a function of speed with and with- 

out fairing.     The  drag of a Long pipe   !   m.   in diameter  was also measured. 

It i an be s< i n fri m the results, shown Ln Fdg.   2, that the fairing is effec- 

it speeds below 5 knots.     A towing  speed of   i knots  was  chosen 

since under these < onditions the drag oi each can was not more than twice 

that of an equal length of signal   i able. 

I he    Tape  >)t   the  entire   rig  under  tow was  studied in a  series of 

calibration runs made at     i     with a dummy rig.    The depth of each can was 

me,- lured al  various towing sp< eda with a Bourna pressure transducer. 

Wiper- irm hysteresis waa elimin ited by attaching u> each transducer a 

buzzer which   w       n tu ited whenever a depth m< asurement was desired. 

Under this arrangement an accuracy ^<i ■   1 ft   was achieved for all depths. 

The results oi these run.-, confirmed thai for our purposes the shape under 

tow could be considered a i atenary.    On this basis, t..    depth of each   can 

•2- CON V I DE N TIAJ 
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. r tow,        .-. ■ ii a    Its dista din I the poinl of tow, was i omputed. 

These curves an wn in Fig.    I, with    hip11     peed as a parameter, 

.\i ■ : ts, also made during thi      eries oi 

: • ;■      rig did not    ■•■■ \ from Bide to i Lde under tow. 

K/- i 1 ■ ! T< i     COUNTING I ATUS 

The radiation deti ■ tor     m r<    \i the scintillation i ounter type.    Ap- 
(2) 

»r   ■-i     it< i\   l. 6 Liters oi  B< Lntillation Liq lid       were pla< ed in a 8pe< tally 

de Luciti   cylinder 5 in.   i. <i.  and 5 in.   in height,    A 2-in. -thick slab 

uf l.ui it    torn i d the top of this cylinder and also acted as a light-pipe to 

minimize Bpread in pulse height.     ["he Light-sensitive Burface of a Dumont 

t>Z92 multiplier phototube wa    pressed against the window of the light-pipe 

by means of a Lu< Lte i over    i r< wed into the Light-pipe, 

Two holes were drilled in the Light-pipe and fitted with seal screws. 

These holes    i rv< d   • dual purpo   • :     [Tit y  were used as filling-ports, as 

■ cpansion chambers.    Since the Liquid scintillant and i.ucite  have 

differ« at i oeffi« Lents of thermal expansion and since temperature changes 

ii   is much as 55  F  were anti< Lpated in the field, some expansion chamber 

scheme was n   ■ ■ ry.     After unber of abortive attempts to construct a 

suitable expansion chamber,   it was found that the various  vapors  (including 

dissolved nitrogen) pre  i nt in the Liquid      Lntillant filled the volume of the 

two holes or !••      d< d into the Liquid as required by the temperature condi- 

tions, preventing pre      art      in tide  the  i ylinder  from becoming too great. 

In placing this B( intillant pa« I age inside th<  pressure can for field work, 

car        id to be tad en to put these holes aft of the vertical axis of the cylin- 

der.    In this p«    ition thei e holes were oriented so that they were uppermost 

when tln    I an  was  affixed to the  strain  cable and the  entire  rig was under 

tow.    In this manner no bubbles formed in the optical path directly in front 

of the multiplii r phototube« 

The  out: nit    BUrfa« e  Ol  the  Lucite  cylinder  was  i rated with a dif- 

fui sly  reflei ting < oating prepared in the following manner:    A small amount 

of 325-mesh  Brazilian quartz was thoroughly cleaned in a boiling solution 

CONFIDENTIAL 
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,i    d< i< ill .it, rinsed  it I«  ■   t five times in boiling wat< r, thor- 

.1 tlu i, mixed with H   "■!, |  an a< rylii   < ement, to form a thin 

slurry,     (> i      lurry wa    painted on th<   outer    urface oi the cylinder with 

i ■' ir bru ih.      Utter two i uch applications, the Burface wa B 

■ 'iii.    Ly ti        n ittin| , and the i /linder then was carefully 

wrapped In heavy-duty Reynold     Wrap aluminum foil, who-,,   reflecting sur- 

:                             ell i Leaned with detergent and rinsed with distilled water. 

: : i : the Lucite cylindei  has been found slightly    uperior to the 

usual >. 1 L( i , p lints.    In addition, no sign of iiyint; has been noted over 

••   i   riod. 

This   i< intillator pa« I aj e v. a ■ i   irefully wrappi id in   l/4-in.   sponge 

I      d p] u    d insidi   a 6-in,   in diameter aluminum i an  16 in.  high, 

to fitted in the ui   ia] manner.     ["he i an was designed tu 

i to a depth of aboul   $00 ft.    An exploded view oi the entire i±s- 

i] ■,   is shown in Fig.   4. 

For eai e oi  mainti nam e, il was de< ided to house no electronic equip- 

■ i I |    LVI   for the multiplier phototube) in the can (see fun< tional block 

ram,     -; ig.   5).    Be« ause oi this, the high voltage required for the dynode 

system of I ultiplier phototub«   w is delivered via a polyethylene "jacketed 

in .      A high-voltage wire was used for .ill i ight tubes, which were 

win dlel. As a  result, the wire passed through the cover of each 

:. I .        third Lead pa thr >ugh the cover was the signal   lead 

■ l-ohm i oaxial i ible, terminated   it the Laboratory end by 

Lii   impedance. 

intillation pul e were fast, having rise times of the order 

of 30 f id . [*hese pulses, rei < ived in the ship's Laboratory, were ampli- 

fied by a variable-gain amplifier,     fhey triggered a monostable multivibrator, 

her       ientific Company. 
'  vartz Chemii aJ Company, in» .,  3Z6 West 70 street, New York, i\. Y. 

: age,  standard wire, No.   B-4401, purchased from the Vector 
Cable Company. 

i i   LU  e tin   individual multiplier phototubes differed widely in ampli- 
ition,   .i   voltage  dropping   resistor  was  placed  in   Series   with  the  dynodi 

.1 L| ■   divi ler.      This  tended to equalise their  response, 

CONFIDENTIAL 
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FIG. 4 
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which in turn developed a    ing] <• square pulse oi a fixed amplitude for every 

HU oi   in;   pu]   e ■'! ii; ire than a i ertain predetermined value.    The pulse 

!: ii, al th«   output   if the multü i   rator • ould be varied in four steps iron; 

iini (i i<     to   1000 |i se« .     rhia pu] • <   wa a then I > d thr mi1 h any one oi three 

integrating ti    i   i   instants to a Horn y wel 1 Visicorder oscillographi«   gal van- 

eter.     rhua an average current was derived which was proportional to 

the average counting rate.    In the case of very low counting rates when the 

ch'   Level   ■'.M s difficult to ascertain, the time constants could be suitably ad- 

justed   IO ■;    to record the individual pulses ai  they arrived.    This special 

iture oi the counting system provided a  /ery wide dynamic   range.    A 

■ ','.■   diagram of the i Lr< uitry is Bhown in Fig.   6.    It must be noted that 

the entire electronic   Bystem functioned admirably throughout the field work. 

This we asi ribe mainly to the absence ot electronic components in the water. 

The counting apparatus wat   calibrated by immersing the cans into 

a large tank (1 ft x -1 ft x 5 ft) of sea water containing a known quantity of 

radioactive tracer.    (It can be shown that eath detector derives 95 percent 

of its response from a spherical volume approximately   1 it in diameter.) 

. .    ire 7 is a typical plot of the recorded d(   level vs the amplifier 

.:., with trai er i on« entration as a parameter.    From this family of curves 

'•'."' re plotted the i urves of  d<   level vs i on« entration, with gain as a para- 

met« r     .i typii al i urve is shown in Fig.   8.    As < an be seen from this figure, 

the response of the Bystem was Linear throughout the range of concentra- 

tions found.    In order to equalize the response of the detectors in the field, 

the parti« ular gain for ea< h was determined by placing a 1 -\± C source of 

Cs at .i  selei ted spot on ea< h i an and adjusting tin-  respe« tive gains  so 

as t   >  vi< Id the   same   di    Level.     With this   system  it was  possible to detect a 

radiotr ;> er i oncentration in the ocean oi 2 x 10        C/ml in a 5-sec sampling 

period. 

-10- 
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, MPERA ri R     .i'1 •  ;■■•. i ws 

rhei     istoi i i. I u  thi i worl   be   ause oi their ruggedness, 

: | ■ tant, good s en siti vi ty, and r elati ve ea se of ope r a - 

tj m, Las    th< rmistor was    a   t by means oi an epoxy resin within a 

cy n- • ai e oi   Mimii/, d aluminum   </•! in.   in diameter.    A 

mount rmi   tor ii    ih iwn in Fig.   9. 

rotectivi   case extended about   J/8 in.   beyond the end of the 

ad and wa      pen to the sea water.    A number of holes were drilled along 

the    id      f tl     case to allow  i      •.  l\ iw oi water past the bead.    The leads 

■vi re   iplii i d to   i pa i r of Signal Corps wires (W D  1/ TT), which formed 

■:     [the    s   rial i able.     Ba< ;, thermistor pa< kage was then taped to the 

side   ii  Li        irresponding scintillator can in Buch a way that, under tow, the 

thei        tor pr  tr ided into the Elo w Btream ahead of the < an.    Thus the scin- 

till -i   r    an i ould not affe< t the measured wat< r temperature. 

Pre    i ire dependenl    [feeta we re not encount« red with the thermistors 

and mounting   . rtor w< re any expe< ted, be« ause the depths were relatively 

shallow (li       I    in   100 ft). 

Tne thermist ir circuitry was straightforward and relatively simple. 

:     : .■ 11.   (ii.i i_ ram   if this circuitry.    Each thermistor 

in< »I a balam ed bridgi .   another arm i onsisted of a  10-turn 

helipot.    Che-- it had been calibrated, an absolute temperature measurement 

.'. ■    ■  ■   ii\  a< by simply noting the helipot  reading required to null 

thi    irid)    .     >•   all di      itions from this temperature caused a current to 

flow in the  ^isicorder     ilvanometer. 

Calibration was carried out Ln a temperature controlled bath.    A 

typical calibration curve is shown m Fig.   11.    Sensitivity of better than 

- . 02   C     was achieved in the  field with this  arrangement,  and all units 

functi med  /ery well.    Absolute values were reproducible to    -0.01   C   in 

thi   Laboratory.    In order to > heel tins point in the field, a number of HT's 

were taken    Ln   iltaneousl}   with thermistor measurements,    [nail eases, 

both, tei I tiiques agreed within the experimental error or the BT's. 

- 14- 
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FIG. 9 
MOUNTED    THERMISTOR 
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DIS] I      SING   >YS I    :.    \ND OPERA [ION 

:.     . i    11..     \ iten   .'..I i <]-    ign< d and i onstru< ted wiiu.su function 

was i" ej( ■ I   i  radiotracer frcm the keel of a Bubmarine al a known flow 

rati    md in a continuous manner,     I'M- operating principli   '.,.'.: s  limple in 

com i pi      • pump caused sea wati r to flow through a long hose at a rate of 

I I il min. rhis hose was v. rapped circumferentially about the sub- 

marine, ejecting its contents under the keel« The radiotracer was injected 

iut i this flow  by means of ga i prei i ur« . 

Fij ure   12 Bhows the dispen   ing me< hanism.    On the right is the pig 

which i   ml tined the radiotracer.     When in transit the two manual valves on 

the pig w» re protected by a   steel cover, .shown in Fig*   13.    The cylinder on 

the left in !■ ig.   I~ housed the water pump which op< rated i continuously during 

the dispensing period,     rhe < entral < vlinder contained a Bingle pressure*1 

regulatin Lve and two Bolenoid valves connected in parallel    as a pre- 

lutii n against failure.     rhe pressure valve allowed a predetermined gas 

pr< .    ure to be applied to the  radiotrai er in the pig.     rhe solenoid valves 

permitted the radiotracer, under gas pressure, to enter the exit line of the 

pump. 

ibvious re isons it was i Bsential that the tracer be a liquid. 

However,   it Brookhaven National  Laboratory, where the elements were ac- 

tivated, Liquids   could not be put into the reactor.     This necessitated having 

the radioai tive material initially in powdei form and converting it to a 

Liquid prior Lo the dispensation. 

E or the first experiment the isotope chosen was Lanthanum 

which  : half-life  of about   ■!()  hi".     Its  decay  scheme is   shown  m 

1-10 

Fie.   M I J-4) rhe  1.6-Mev gamma ray was the only one of interest for 

this experiment.    A 20-g Bample ol lanthanum oxide (La.O^), when irradi- 

ated for a 2  l/2"hr period in a flux of  2X10   " neutrons/cm /sec, yielded 

approximately 2.7 C of gamma activity.    Upon it.s removal from the reactor 

the Bample was placed in the pig, which served both as a shipping container 

and as an int< gral part of the dispen-,ing system. 

18- CONFIDENTIAL 
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i   rior of the pij   -   >n   isted of a countersunk  sample holder 

i i   ; ü.1 about  -1  !/.' in.  in height surrounded 

: in, :.    Two   l/8-in.   B1 unless Bteel tubes 

ample holi li   d-filled plug.     I' 11«   first (entrance) 

tub. ■  ■ e oi 'in   ;•! ig.    It was through this tube that nitro- 

gen pr< -    ure w is exerted on the Liquid,     fhe second (ex it) tube terminated 

at tlu' Lo ■ >    I    ■   Lnl  in the sai npie n older. 

the pig and it     i ontenti   had been transported to the  .^lte of the 

', I       proc< ss '.'i gettii     the solid Bample   into Bolution was begun, 

110 entrated hydro« hlorii   a< id added to the sample holder through 

the exil tube gent rated the following reaction: 

La ,0 , 4 6 HQ-* 2  LaCl , + 3 H,0   . 

Thus the in    'luble Lanthanum oxide was converted to highly soluble lanthanum 

chloride.     rhe  remaining /olume  was filled by adding distilled water. 

Rubidium      with an   18. 7-day half-life was chosen for the second 

imi    '.    ':    de< ay scheme is shown in Fig.   15.    As may be noted from 

scheme,       only  10 pen ent of the indicated activity is due to the 

1. i) ■ -       .   gamma ray. 

For the irradiation    L80 •..,  of rubidium carbonate (Rb,CO,), wrapped 

in aluminum foil, were inserted in a Btandard aluminum reactor capsule and 

d in the rea» tor.    A 2-w< e]   irradiation yielded approximately 4L) C 

of total activity,  10 percent of which consisted oi the desired gamma radi- 

ation.    Upon removal from the reai tor the aluminum foil and its contents 

I n out  oi  the  reactor     .ip: ul.   and placed in the pig for  shipment. 

Once again hydrochloric acid was used to obtain a water-soluble com- 

pound,  i.e., 

Rb,CO . + 2 lid RbCl + CO,     + H ,o 

In ti e the rea« tion was a violent one, and a g'as (CO,) was released 

in the process.    A considerable amount of hydrogen gas was also liberated 

in t!:'   reaction with the aluminum foil: 

2 Al f 6 HQ      2 AlCl    +  )H , j     . 
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reai tions had been   illowed to proi eed rapidly, the gases form« d 

.1. . ,    >een vented adequati ly through the small diameter tubing. 

ll i   i pr<       tr<   build-up  would then have expelled Borne of the radio - 

i tive material«     ro   >r<    i ill  thi    the a< id was addi <l in sni.tll .unounts over 

-hi  period. 

I n the Bubri arine the disp< using system ami <i high-pressure nitro- 

i    iottli   were secured inside the    aperstructure.    In this position they 

■   '-ii.il tu the pri      ure hull   . ■ I protected from the si as (see Fig.   lo). 

i   ; rid exit hoses for the pump were banded to a  5/8-in.   wire rope 

wrapped around th<      ubmarine in bellyband fashion,     rhe intake 

;   bi low the water Line on thi   port side, and the exit WJS located be- 

neath th<   I ee] and approximately 80 ft forward of the s< rew.    A diverging 

A lit-. <l r ipid dii't'ii --1■ -r; of the radio.i< tive material. 

rhe dispensing pro« edure was as follows:    rhe two manual valves 

'.■; the pij   '■■■< re not opened until the submarine was on station.    The manual 

'ii the nitrogen bottle was then opened, thus pressurizing the pig.    At 

point the submarine submerged, and electrical power was applied to the 

mtrolling the Ball water i irculating pump and the solenoid dis- 

charge  ..il-.i  ..    When the submarii e Aid Leveled off at the preassigned depth, 

the pump was started.    Dispensing was initiated by opening the solenoid 

md terminated .it the i on« Lusion of the run by closing the solenoid 

Lve    and then st< »pp Lng the pump, 

ft« r the final  run when the pig had been entirely emptied of its 

tents, th<   valve of the nitrogen bottle was closed.    The pressure on the 

system was relieved by ventinj   the    gas through tin- solenoid valves.    The 

entire system was then flushed with distilled water until the level of radio- 

iivity was low enough to permit   personnel to work on it for an indefinite 

Loi . 

Due to the luw flow rates required (! to 1.5 ml/sec) a conventional 

needle valve could not be  used in the   exit  line.     Instead a small  stainless 

I orifice (0.010 in.   in diameter) was placed m series with the solenoid 

valves.     The  flow  rate through thi 8   orifice  was  determined for fixed fore 

lure  and  varying   back  pressure.       1'his   was  done-   because  the  fore 
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pr<      ur(   i ould nol be • hanged during the e; perimenl due to the high L< vel 

n   i: |   exi   ting in thi   /icinity of th<   dispen  er once the lines had 

li v. i    d«    ii    ili   to     try the back pressure because it was 

propi    '. ii al tu depth and no1   ill   runi   ■>'•'< re to be made .it the same depth. 
11 ■   tor thii   ■  ilibration w a i i hemi< ally id« nti< al to tint used in 

: •     i        »eri       nt|    ;''       [h i\   '■ ■    nol  radioactive.     [*he calibration 

raph   'i  11 ■ >■.'.  rati   vs diffi rential pre     ur«   (depth), i >   shown in 

Lg.   17. 

! ITAL < »PER \ 1 [ONS 

preliminary  - cpi rin en1 was carried out in the Gulf of Maine 

durii     (    tober,   ' »59,   ising thi   '   i i ALBACORE (SSN 569) as dispensing 

and Hudson Laboratories'   r-boat as research vessel.    An operating 

■ 500 ft di ep was chosen jusl off Jeffrey's Ledge.    A bottom-anchored 

IUI -.  provided ->\  the I  .   S.   Coast Guard served as a crude naviga- 

tional  refereni e. 

The op< rating plan, Fig.   18, called i or the T-boat to Lie to at a dis- 

tance 500 ft from the buoy.     I In- ALBACORE then maneuvered in such a 

ni r        to pai     parallel I i the Line of the   r-boat and the buoy at a distance 

ft.     rhe direction was to coincide with that of the subsurface mr- 

■   ith, determined Ln a i rude manner just prior to the experiment, 

-.CORE began to dispense the  radiotracer when its range to the buo) 

- ir • ■ Li   at« Ly 2000 ft, .it which time a smoke flare was released.    A 

ond flare was  released .it the i nd of the run. 

On    Lghting the  Becond flare, tin- T-boat approached the dispensing 

ntil the radiotracer Bignal  was perceived.    Al this time it dropped a 

on d buoy and commeni ed executing a  series of crisscrossing ma- 

rs.    This wat   continued until the radiotracer was no longer detectable. 

In this pre Lminary experiment   La        was used as a tracer element. 

Its relatively high-energy gamma ray (1. 6 Mev) was very desirable, because 

it  gri   itly     Lmplified  Betting tin   bias  Of the  detecting apparatus.     Since this 

i   lit try and the experimental parameters were not well known (the 
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i . 111 < ■ i on« entration i tpe < ted .it the initiaJ i r 11 .-> ■ i n g, et< . j, 

the a-ray energy tended to be conservative. 

if La        i      cted a  rather Be] Lo i    pri« e, however, owing to 

>rt half-lif<   (40 hr).     rhe operating area dictated by this 

:. "I ,   insuit    ile, due to the complex character of the 

■ ml the entire operation had to be exei uted under great pressure oi 

■ hi< h plai i d a heavy  strain on personnel.    Also, the oper ition i ould 

od veather;   as it happened, it was far from ideal for all of 

runs, with wind    ol approximately    L5-20 knots and sea state of about  -i. 

For a small   i i  :     ich as th(    r-boat, these were rather strenuous conditions, 

difficult, pit" exai tple, to see the various buoy:- from the bridge. 

, th<   operation wa a i eve rely handi< apped by the lack of a dead- 

■ c   > er, wh ich w< »ul«I have provided    ome L now! itdg<■ of our relative 

wh( . 

• tl i     ■ ■■ ond experiment, a much Longer-lived radiotracer (Rb    ) 

yed.    Its  19-day half-life allowed the choice of a better operating 

well as   tetter weather,    [ts main disadvantage was the fact that the 

! imma  raj  was of Lowe ■ i m rgy (about  !. 0 Mev), rendering the 

eiii   ii  ition of unwant« d noisi   and ba< I ground radiation much more difficult. 

Li       vith the di ladvanl iges of short-lived material in the prelimi- 

nary ent and Learning more about i ome of the operating parameters, 

it this choii e of radiotracer was a far more prudent one. 

:    operation, the USNS GIBBS was the research vessel.    It 

rendezvoused with the U >S ALBACORE .it sea m a region where the temper- 

itu                  ..t tu .i depth of 400 .t was approximately   I  C.    The GIBBS lay 

■( d the experimental ri^, and otherwise got Ltself in readiness.    A 

»btained;   at this point the ALBACOR1   was notified to proceed with 

ition. 

.!   IACORE got into a position determined by the direction 
; th<   GIBBS had assumed about a mill   off it.-- starboard bow.    The ALBA- 

n proceeded towards tin   GIBBS in such a way that it would pass 

the GIB          »out 500 fl to it.-- starboard.    Having set it.-; course on the sur- 

3ACORE released a smoke bomb, submerged to the prescribed 
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th, and conl                i   I I         peed oi         riots.               >oi         the 

red the b< >\A > it I , th<    radioacti\     tracer was dis- 

I         !     lated I traci     pproximately 1500 ft lung. 

1   i     i .. i I i .        i ! I i   end a   l/2-min smi 

, togetl            '            ■          : ti                      re]       e mechanism,* 

01          '       Lb]        I I         rid of di    lensation, the AL I '.' IORE 

nd  i - Lea H d a se( ond smol i    lorab,    Need- 

i     i! 11    i     th '                    I        ed by the mal functioning i »1 

of thi I i i: i i ■ ■ i     tte nl     n to the point 

litia]  reli   i   e, rkei      .  thi      ppi   tran   i   of the green dye 

the surj        .      [*h<   end of I ar   ed in the same manner. 

al the beginning   in«   • nd   if the run was to 

E the GIB       to the Line joinin    I   i    e two bombs at a rig] : 

• 

At tl ip no     if tl      fir81 dye marker, theGIBBS proceeded to 

ri   Lit- turn in ord   r I     i ro      the wal <   jus(  Ln   Ldi   th<   marker, 

ipparatu turned on,    This      ip simultaneously 

signals from the eight i i Lntill ttii n i ans.     When,  upon crossing 

ike, on»      r i   on   of thi   detector    shi >v, ed a signal, the 

Lately       EL ating Duoy was released. 

signals re1 in round, the recorder wai     ecured, and 

di d   >n LI        iur: e Eoi   . ome 500 ft, made a   180-deg turn, 

■   ■   operation,     ["he attempt wa. ■ made to Lay Eive such buoys 

■   ■ of the radio     ; i . i    vake.     During this crucial period, th< 

i   Lnva] table in orienting the GIBB 1.    Once the five 

Ld.the GIBBS i   iul L       iceed on its i riss< roi    Ln    maneuvers 

in a mi ted fashion. 

It .     iuld   ie noted    l l   i     ioint that the marker buoyi   could easily 

be seen for   il Least   1/2 mile Erom the bridge of the GIBBS.    Each of these 

n painte i brilliant  red, which was designed to pop open 
the surf; ce, reli      Lng a bat< h of Eluorescein dye, 
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i,  tin thin nylon Line to a sea anchor placed 

i   I      to ! di pth   ■   'l i .CORE,    in this manner the marker 

fol the course of th< water.    If is interesting to note that 

•   I      ftol    tl      iuoya did not drift more than 200 ft away 

n the wake durin -        ■   • 

; i i   t f« .'. i ro ..■in:    , tin   thermistor Information was swit< hed 

i •       r .     ! ;. i    i   eight trac ers had been blanked out during the 

initial     ■        in|     in ordei   tl    I I       opi r   tor be presented with the Least con- 

fusii      ii   ti ■     i '11 .   (During this initial period tin- main problem was 

,)1\  to ■      ite '.l ■ tl  with th<   buoys,   temperature Lnform- 

atioi .        crificed to thi    end. ) 

ighout the operation, a dead-rei I oning tra< er I ept a re< ord of 

the G] '      ovemi nti , ai d, in addition, the ship was guidi d during the initial 

<! ■ nl 11-.  I;.      .      IACORE, wh i< h • omp ited the position rela- 

rked w il i    md   idvi   ■   I 11 ■   Gl .     Hie DRT record proved 

terminj   the angli   i tadi   b< twi en the GIBBS' Line of motion and 

irked      i   ■   during <  ich of the crossing 

uch runs we re • arrii d out in the op« n sea under practically 

inditions durii     tl ■   I itt ir part of Mar« h and the early part of 

' ■■    .     [*he first run w i a    eel depth of 50 it, and the second, 

100 ft.     During both ti.-    i   run: ,  wind averaged about  15 knots, and sea state 

I' posi : >le to trad   the   vake for a  p< riod oi about 4 hr 

u J 

preliminary <    perimenl had been carried out under Bomewhat 

dift'. ditions.    Although sea state and wind werr about the same in 

the two experiments, the tidal < urrents in the Gulf of Maine are rather 

zoni .   ■; d Large salinity  variations are to be expected.    In addition, due to 

to l ■i..'     ol th<     mall   l -boat, the temperature information was much 

It should be noted that during the preliminary experiment, a strong 
tun   gradient existed,     i he cy« Lical plunging of the array through 

thi o    . idienl  Bhowed up quite • Learly in the records. 
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RJESULTS AND DISCUSSION 

1)   Pri I imin.L ry i-.>-[)'' rimcnt:    lln- re suite obtained In the ciulf of Maine 

vi rified our i hoice of design parameters,    rhe wake was clearly visible up 

to 1/2 In" afte !• pas sage. 

A strong temperature gradient existed, and there was evidence that 

this was disturbed by the passing  ■ ■    iel<    However, due to the continual 

■ ibinj   oi the rig, it was impossible to establish this quantitatively.    As 

mentioned before,   these are confused waters;   we saw ample experimental 

evident e of differentia] currents in the top  1
;

JD ft of water—a fact which is 

not surprisinj   in view of the bottom < ontour and tidal i urrents in this local- 

it v. 

In addition, the wake waters seem to become stratified in two out of 

three runs. We wish to stress, however, that this inference is made on the 

basis oi one assumption whi< h is open to question, namely, that the marked 

wake  '.«.hit h  was   1000 ft Long .it  the  initiation of the  run  does  not alter its 

length appn i iably during the first half-hour.    The reasoning is as follows: 

Realizing that the half-life of   La is long compared to the   l/Z-hr period, 

.Y, ! h ive 

where 

C  V    :  constant . 
II    n 

rage i oncentration of radiotracer at the nth crossing, and 

V    - volume of marked fluid at the nth < rossins. n B 

Consider, for simplicity, a rectangular - ross section, such that 

V li   W   L      , n n     n    n 

where 

II       height ol the marked fluid at the nth crossins, 
n ' 

"      " " "        "      "      " " , and 
n 

L    = n 
I ! II II 
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ii i. 11......    !■ 

entioned      sum] , .    I    ) ity, .md we ha\ 

".,       I      I    ;    ' n>'<VHn> 

I'lu (C. ' C   |   i    o 'i   ii.' d from the Visicorder tra< i     directly.    The 

I :i   )   i    obtained from the number oi  cans whi< I. show a signal 

'o md, 

From this data the curvei   oi Fig.   19 wen   plotted for i an h of three 

runs.    As car b<     i en from this figure,  stratifi« ation oi cur red in two of the 

runs t    ravo i and Charlie II). wai   mentioned, these curves are predi- 

( ati i -. ,;     i onstan< y of   L .    Although this may not be stri< tly valid, it 

is probably true thai the   L's   do no1 vary by more than a factor of Z.    Cer- 

■ '■   " i        ' .■    ■'.    L   does not dec ri-a-s,.' with time, so that the curves oi 

ipper extremes. 

1)   Second Experiment:     1 .'.<   second experiment was carried out in 

the open waters of the Atlantic  Ocean in a  region where the vertical temper- 

ature . c idii  .; was much smaller.    Our thermistors indicated a difference 

of   1/3  C between the surface and  140 ft. 

A single su< cessful run was made—this at a keel depth of 100 it. 

le to inadequate • alibration the first run, made at 50-ft keel depth, did 

1 nt fruitful data.)   Eleven 1 rosi ings in all were made over a period 

»out     in-.    At thi   end of this period, contact was lost rather abruptly. 

In Fig.  2.0 are shown the iso< on« entration i ontours of a vertical 

cross section of the wake for each of the crossings.     Each oi  these has been 

corrected for our nonperp« ndii ularity of approach, as obtained from the 

DRT record   . 

Unfortunately our first 1 1 1 it   • I with the marked wake waters did not 

e until   16 min aft« r dispensation.     Thus no information on the initial 

wake spreading was obtained.    However, the isoconcentration curves of 

20 for  Crossings   1,   3, and   i   show that the peak concentration remained 

at   1 depth of  100 ft for at Least the first 80 min,    In addition, it may be con- 
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tive inspection ol these curves thai vertical diffusion 

on,- i,, i . •   i    negligibl«   compared with horizontal diffusion during 

i  :, i i .     ;•,,   'ii,'... ured v< rti< .il t. mperature gradient  is 

i   ■    100 ft.     rhis agre<     v< ry well with measurements made during 

April tl       ami   Lo< ality,       whereby it had b< i n i omput d that ti.i 

dei I   '.   iboul . 0 i p< p« ent in the first 200 m.    A.< ( ording to 
(7)     . 

et al., !::! ■   condition wi tuld b(   expected t.> redui e v reati y the 

vei fii ient of eddy diffui ivity.     rhus, our results are in qualitative 

agre< menl with \sh.11 might IM   expei ted. 

ilso noted ;!;..: an abrupl change in the structure occurs between 

nd   >.   rhe peal   concentration at 100 ft is no longer evident, and 

the croi ctional patch size    een     to have become quite a bit larger.    The 

teadily  throuj hout the experiment, being about 5 knots at 

the   initiate  ■        .1   15  Knots  at   the   time  of  Crossing    8. V/hitecaps  were 

.-.  this time.    It i lible that the abrupl changes noted at the 

100-it depth are the result <>t turbulence due to horizontal ^hcar near the 

It had been hoped al the outset th.it possibly i oefficients of diffus- 

ivity could be obtained a     in   idd< d dividend from these experiments.    As was 

mention , however, our data ^ extremely poor in this respect, accessi- 

ng .i number oi a isumptioi i   whi< h render the results tenuous.    Neverthe- 

, in what follows the analy iis will be presented for what it may be worth. 

are l\   is .t plot ol the volume occupied by the marked fluid vs 

time. irdinate of eai h point -.'..is computed fro-:; a knowledge of the 

con trat di tribution, the area bounded by the least isoconcentration 

curve, and the total quantity of radioactive material released. To a first 

appi |     ;, these points indi< ate that the volume occupied by the marked 

fluii Linearly with time.     The line drawn through the experimental 

i - iquares fit. 

One i  ■    •     n    write the expre ssion 

V(t)     il(t) L(t) ?.'(»)   , (1, 
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wh< 

H(t)     height   if marked i aid at any tim< , 

L(t)     Length   "      " '       "    , and 

..it)     width    "      " "     "     "      "    , 

, • te exprei    i< 

l!   I.   W 
.) iI    i)     o 

Since    L      is known. iminc    II '■'.       .     '••       may be  lomimU-d: o o o o 

v, 
W     = o       /     L 

Diff« rcnti.it .   (1) with respe< t to time, one obtains 

dV -,   d! <i,. ,. 
H       V,  ~   t-   I.   — | 

dt o I        dt dt 

re it has b< i n ai i umed that 

f ■•• 
um     Isotropie   turbulent e in two dimensions, then 

dL  a   dV;_ ... 
dt dt 

and 

H    dt      {i' '    -) dt 
Ü 

. > >   W   . 

Lng a numerical technique,    W(t)   was determined from Eq.   (3) 

is shown in Fig,   22, 

(3) 

The point may be raised aa to the validity of this assumption, on the 
basis of the different lengths  compared to the scale of turbulence. 
it i- rti d, however, that the final result is not appreciably affected 
by the choii i   of the   H ale ol turbulence compared with the value of   L . 
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low,      tti hi Lor       h i     iho vn that the i oeffii Lent oi eddy diffusivity 

Lbl<   Ln tei >f tl       isplacemenl    C(t)   of a fluid particle 

.    .in   i iii ; • follows: 

E(t)      1/2^-    . (-1) 

i       bar Lndii  itea an average for a Large number oi particles.    (In 

tricted ourselves to on<   dimension. )   i l<   Lias further 

Lispei   ion of thi i   i   >n< en( ration i - Lnd( pendent of the 

i| the clo        f i      rked fluid and i    Ldenti« a] with that I »r a single 

fluid pa rti< Le. 

plying i iii i'   the i cperimenl at band one can thus be con- 

; ■ i..     that, for all tinn 

I /2 

hi< h 

■:.. d\X 

eri\ 
1t1 Figur : rith    U   plot of   E(t)   ve   —'—    .    It is 

obb-        d fr    n the figure that for tin i a   t     85 min   the function   E(t)   can 

pn as folio 

(t) 
o 

La the asymptotii   va] u   oi    E(t)   for   t - and   h   has the 
°        -2    2 dim« L   ' T"   .    It is tei     •      , therefore, to define the intensity of 

tice as 

the v.ilui .'"'-   lec cm  '    given Ln Fig.   23, the in- 

ity of turbulent   ■ La found to b<     L.28 t m/sec. 
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i   0  . !• i i' ■   -   r IA L 

I'll. ptotii   v.11 ae   (-    )   obtain« d fron   I I -•   23   Li 

! t one writ* 

■' ■   , 

' h«   Lnten    I ,    .   tui bul en< e, and 

seal«   oi turbulence (i.e., the Length scale in which a particle 

!  substantially in one  direi Linn), 

i    found to bi   2. 27 X 10    cm   or 227 m, 

It is inter«   itin    to not*   that at   J0-deg Latitude the radius of curva- 

turi >artic] ring a Linear speed of    l.28cm/se<    would be deflected 

by Corioli. i      into a  i ir« ular i   turse having a radius oi   $50 m.     1'his 

Leads OJ i   to    pi    ulate on the possibility thai Corioli8 for« es may be a mech- 

anise tern     to Limit the i i tie of turbulence. 

FUTU.:   .   .. ; iRK 

The ov( rail    ystem that has emerged from the work to date is re- 

ind can be used to . o • d advantage.    Some improvements can possibly 

d tl rou  ii •■ fast readout (perhaps automation of the isoconcentra- 

tion I    ir plotting, which would greatly facilitate decisions which must 

made in the field).    v,\   are L<   tl Lng into this possibility. 

rh< ii   i ntaJ  results to date seem to indicate that wake-induced 

tar ays in a relativ« Ly short time, after which the existing oceani« 

turbuJ thi   dominanl I ictor in the spread of submarine wake constit- 

tl   would seem reasonable, therefore, to study in greater detail the 

normal oi    mi«   tur tulence   md its effects on diffusion before continuing 

with i ntal work on submarine wake studies,    in particular one 
1 I li   i   to know the effe<t oj vertical density gradients and of wind- 

get orizontal shear upon the diffusion coefficients« 

The    cp< rimental te« hnique which has been developed can be em- 

ploy     to tin    end very easil) by simply dispensing the radiotracer from a 

Lin« .    it might be added that this would at the same time greatly re- 

rimental effort and simplify the Logistics of the experiment. 
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